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N E W  D E V E L O P M E N T S  IN  T H E  CU RIN G  OF  
CO N CR ETE P A V E M E N T S
By H. F. C l e m m e r ,
E ngineer of M aterials, Illinois D ivision of H ighw ays.
E xperience and investigation  in the past few years have 
developed m any refinem ents and im proved m ethods in the con­
struc tion  of concrete pavem ents. Increased traffic on the h ig h ­
w ays has dem anded th a t every effort be m ade to im prove con­
ditions affecting the convenience as well as the safe ty  and com ­
fort of the travelling  public.
In  accordance w ith  this policy a tten tion  has been given to 
such m atters  of design and construction  as th a t of ob ta in ing  
sm oothness of surface, increasing the radius of curves, w id en ­
ing of curves and the enforcem ent of regula tions w ith  regard  
to  advertising  signs on highw ays, elim ination of grade c ro ss­
ings, and extension of vision a t railroad crossings and highw ay 
in tersections.
S tate  H ighw ay  D epartm ents, Technical Societies and E n g i­
neering U niversities have m ade studies and investigations on 
problem s affecting the quality  of pavem ents such as design of 
mix, rules of proportioning, su itab ility  of various types of sands, 
stone, and cem ent, du rab ility  of concrete, s tress phenom ena, ad­
m ix tures, accelerators, and m ethods of curing.
Possib ly  one of the m ost in te restin g  problem s a t the present 
tim e is the developm ent of new processes in curing  concrete 
pavem ents. Old b lanket m ethods of curing  by dirt, w a te r and 
straw  are reliable if properly  carried out. H ow ever, an in creas­
ingly im p ortan t factor in daily business and personal conduct 
is th a t of tim e, and as a resu lt it has been asked, “ Can we speed 
up con struc tion” and “Can we cut dow n the curing  period on 
:oncrete  pavem ent?”
E arly  in the h isto ry  of P o rtlan d  cem ent it w as know n th a t 
certain  chem icals accelerated the set of cem ent. Calcium  chloride 
and allied com pounds w ere found to  be the best for th is purpose. 
Reliable tes ts  have been m ade w hich indicate th a t the tim e re ­
quired for p roper curing  m ay be reduced 25 to 50 per cent, rep ­
resen ting  to the public an enorm ous saving in travel cost as well 
as convenience. As given in a table com piled recen tly  by Prof. 
T . R. A gg, of Iow a S ta te  College, the cost of operating  a pas­
senger autom obile over o rd inary  earth  roads is 12.6 cents per 
ton-m ile as com pared w ith  a cost of 9.3 cents over a good con­
crete pavem ent, m aking the difference in cost of operation  3.3
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cents per ton-m ile, or an average of 4.1 cents per care-m ile con­
sidering the average w eigh t per car to be 2,500 pounds. In  the 
construction  of 1,000 m iles of pavem ent in one year necessitating  
1,500 m iles of de tou r w ith  the average daily traffic of 500 cars, 
there is a saving of $900,000 to the m otorists, if the construction  
period is cut dow n 15 days. T h is astound ing  sum , as well as 
m any of the w orries incident to detouring, is saved to the m otor­
ist and the cost of detou r m ain tenance is saved to the S tate, if 
the tim e required for the proper curing of concrete can be re ­
duced from  30 to 15 days. A fu rther advantage in th is m ethod of 
curing  is realized in cases w here w ater for curing  is no t readily 
available and, therefore, m ust be piped or hauled a t g rea t cost, 
w here d irt in sufficient quantities is likew ise costly.
T he surface application of calcium  chloride m ay be properly 
called a recent developm ent in curing of concrete pavem ents. 
I ts  im portance is reflected in the fact th a t several s ta te  h ighw ay 
departm en ts have, du ring  the past tw o years, adopted as a lte r­
native the curing  of pavem ents by calcium  chloride and others 
are in vestiga ting  and considering the m ethod. N early  th ree  
years ago as a resu lt of tests  m ade up to th a t date instructions 
w ere issued to  engineers of the Illinois D ivision of H ighw ays 
covering the use of calcium  chloride as a curing agen t applied 
d ry to the surface of the concrete and used in solution as an 
adm ixture. T he instructions issued w ere as follows :
“Use on the Surface of Pavem ents for Curing.— Calcium  
chloride m ay be used in connection w ith  curing  of pavem ents, 
tak in g  the place of the usual curing  w ith  earth  and w ater, or the 
curing  w ith  w ate r by w h at is know n as the 'pounding  m eth o d / 
T w o and one-half (2 J/2 ) pounds of the flaked or g ranu la r m ate­
rial (the flaked is preferred as it is m ore easily d istribu ted  and 
less easily rem oved by w ind or rain) shall be applied to each 
square yard  of pavem ent and it shall be d istribu ted  uniform ly 
over the surface of the finished pavem ent by m eans of a m echan­
ical d rilling  device or by the use of shovels and long handled 
broom s. T he m ateria l shall no t be spread upon the pavem ent 
un til the la tte r has thoroughly  set, ordinarily  from  six to eight 
hours after lay ing the pavem ent. Care shall be taken th a t the 
m ateria l is un iform ly spread and if, in the opinion of the engi­
neer, a uniform  d istribu tion  is no t obtained from  the shovels, 
a thorough  broom ing shall be required . All lum ps shall be 
broken up and uniform ly d istribu ted  over the surface.
Calcium  chloride shall not be applied du ring  rains and ex­
perim ents have definitely determ ined th a t, if a rain  follows the 
p lacing of the calcium  chloride after a period of tw o or th ree 
hours there will have been enough absorp tion  of the calcium
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chloride by the new pavem ent preceding the rain th a t there  will 
no t be required  additional applications of the m aterial.
Incorporating in the Mix to H asten the Set.—T he D e p a rt­
m ent w ill perm it the use of calcium  chloride in the concrete 
m ix for pavem ent construction  du ring  cold w eather. W hen  used, 
the solid, g ranu lated , flaked or pow dered m aterials shall be th o r­
oughly  dissolved in w ater. I t  is recom m ended th a t the  proper 
am ount of calcium  chloride solution should en ter the m ixer drum  
ju s t before the w ater is added to m ix the aggregates, or the solu­
tion m ay be added direct to the stone or sand w hen in the skip, 
b u t in either case the m ethod of hand ling  th is so lu tion  shall be 
approved by the engineer.
W hen  used in the pavem ent w ork, no t m ore th an  two per 
cent (2% ) by weight of the cement shall be used.
Calcium  chloride should no t be used in a pavem ent th a t 
crosses an electric railroad b u t its use should be discontinued 
approxim ately  one-quarter of a mile from  the electric railroad 
crossing. T here  is no ob jection to using the m aterial w hen the 
h ighw ay parallels an electric line.
I t  is no t definitely know n a t w h a t tem p era tu re  concrete will 
freeze w hen the tw o per cent of calcium  chloride is m ixed w ith  
the concrete and it will, therefore, be necessary to  arrange to 
cover the pavem ent w ith  loose straw  or earth  as soon as it has 
taken sufficient se t to p reven t m arrin g  of the surface. In  o ther 
w ords, calcium  chloride hastens the se ttin g  of the concrete, bu t 
is in no sense a protective. I t  m akes possible an earlier ap ­
plication of a straw  or earth  covering.
D ue to its action on reinforcing steel, calcium  chloride shall 
no t be used in bridge or cu lvert co n s tru c tio n ; therefore, the  usual 
p recautions should be taken  w hen placing concrete in culverts 
and bridges du ring  tem p era tu res around the freezing po in t.”
T he above in structions cover in general those issued by h ig h ­
w ay departm en ts of the various o ther s ta te  and m unicipalities 
p erm ittin g  the use of calcium  chloride.
T he  investigations th a t have determ ined the action and 
su itab ility  of various m aterials as cu ring  agents have been con­
ducted by several laboratories, including the U. S. B ureau of 
Public Roads, the S tru c tu ra l M ateria ls L abo ra to ry  of the Lewis 
In s titu te , and the Illinois H ighw ay  L aborato ry . T he resu lts  of 
these experim ents are available in publications and a lthough  a 
detailed discussion w ould be som ew hat cum bersom e pertinen t 
conclusions m ay be quoted.
1. “ In  the  use of calcium  chloride no advan tage w as gained
for percentage of the com m ercial p roduct g rea te r th an  2
or 3 per cent of the w eigh t of cem ent (C hlorine con ten t 1
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to 1 1/2 per cen t). T his am ount w hen used in m ixes of about 
1 :5 and in consistencies su itab le for bu ild ing construction , 
show ed an increase in com pressive s tren g th  of from  100 to 
200 pounds per square inch, w hich increase w as practically  
constan t a t ages of 2 days to  3 years. F or richer mixes 
and drier consistencies the s tren g th  increase w as g rea ter and 
for leaner m ixes and w ette r concretes it w as less.” (B u l­
letin 13, by D uff A. A bram s, S truc tu ra l M aterials R esearch 
L aborato ry , L ew is In s titu te .)
2. “Concrete cured w ith  a surface application of calcium  chlor­
ide of suitable in tensity  will a tta in  approxim ately  the sam e 
s tren g th  in 14 days as concrete cured by w et d irt or o ther 
sim ilar m ethods in 28 days.” (C an W e C ut D ow n the C ur­
ing Period for C oncrete R oads? by H . F. C lem m er, A. R. 
B. A. Convention, 1924.)
Investiga tions in curing  of concrete w ere begun by the Illi­
nois H ighw ay  L abo ra to ry  about th ree  years ago, sho rtly  after 
construction  of the B ates E xperim ental Road. T ests  w ere m ade 
to  determ ine the effects of its use, in the dry  form , as a surface 
curing  agent, and in solution as an adm ixture. A review  of the 
resu lts  is included in the P roceedings of the A m erican Society 
for T estin g  M aterials (1923) under the title , “An Investiga tion  
in the U se of Calcium  C hloride as a C uring A gen t for C oncrete,” 
and a la ter paper entitled, “Can W e C ut D ow n the C uring 
P eriod for Concrete R oads,” presented  a t the 1924 convention of 
the A m erican Road B uilders’ A ssociation a t Chicago.
T he investigations w ere conducted in several series, a gen­
eral review  of w hich follows :
O ver 2,000 specim ens w ere used, including 500 beam s 8"x  
12" x30", 100 cylinders m ade to serve as a check on quality  of 
the concrete, 1,000 cylinders and tensile b riquettes of 1 :3 m ortar 
and neat m ix tures, and in addition slabs of various sizes for 
determ ination  of w ear and other surface phenom ena. A vo lum et­
ric m ix of 1 :2:3 1/2 s tan dard  in Illinois for h ighw ay w ork, was 
used and all stone, sand and cem ent w ere tested  in accordance 
w ith  s ta te  specifications.
External Treatment
Since the p rim ary  in terest w as in s tren g th s ob tained a t 14 
and 28 days the g rea te r num ber of specim ens w ere tested  a t these 
ages. T ests  w ere also m ade a t 60-day, 90-day, 6 m onth, 1 year 
and 2 year periods.
Series 1.— Series 1 included 260 specim ens, 100 poured in 
form s m ade by excavating  to the desired dep th  in the ground 
and placing w ooden sides, 60 poured in oiled wood form s and 
100 poured in concrete form s. C anvas protection  against w eather
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conditions w as provided. T he purpose of using the concrete 
form s as show n w as to duplicate as nearly  as possible pavem ent 
conditions. Specim ens in th is series w ere given the follow ing 
tr e a tm e n ts : 2 inch d irt w et, 3 d a y s ; 2 inch d irt w et, 7 d a y s ; 2 
inch d irt w et, 14 d a y s ; 1 pound per square yard  calcium  chloride,
1 pound per square yard  calcium  chloride w ith  1 inch d irt, 3 
pounds per square yard  calcium  chloride, 3 pounds per square 
yard  calcium  chloride w ith  1 inch dirt, ^  to 2 /3  gallon per 
square yard  asphalt.
Series 2.— T he specim ens in th is series w ere poured bo th  
in oiled wood form s and in concrete form s. T he  effect of an 
oiled sub-grade, as well as the use of m agnesium  calcium  chloride 
and sodium  silicate as curing  agents w as investigated  in th is 
series.
T he  specim ens in this series w ere given the follow ing tre a t­
m ents : 3 pounds per square yard  calcium  chloride afte r 10 hours, 
3 pounds per square yard  calcium  chloride afte r 24 hours, 3 
pounds per square yard  calcium  chloride after 10 hours w ashed 
off 12 hours later, 3 pounds per square yard  m agnesium  calcium  
chloride afte r 10 hours, 3 pounds per square yard  m agnesium  
calcium  chloride afte r 24 hours, 1/5 norm al so lu tion  of sodium  
silicate a fter 10 hours, 1/5 norm al solution of sodium  silicate 
a fter 24 hours, 2 inch d irt w et, 7 days ; 2 inch d irt w et, 14 d a y s ;
2 inch d irt w et 7 days (Sub-grade oiled). T hese specim ens w ere 
tested  a t the ages of 14 and 28 days.
Series 3.— In this series specim ens w ere cured w ith  surface 
trea tm en ts  of various form s of calcium  chloride in order to com ­
pare the effect of using dry  calcium  chloride w ith  th a t of using 
solutions of the chem ical.
Results
T hese resu lts m ay be in terp re ted  from  several angles bu t 
considering the sub ject of th is paper, the m ost valuable and 
significant com parisons to be draw n are those th a t dem onstra te  
the ability  of calcium  chloride curing  to secure as g rea t a streng th  
in 14 days as is obtained by the use of w et earth  in 28 days.
F or the purpose of a practical in te rp re ta tion  of the resu lts 
of Series 1, Fig. 1 has been included, show ing the 28-day tra n s ­
verse s tren g th  of the specim ens in per cent, using as 100 per 
cent, the transv erse  s tren g th  ob tained from  the specim ens cured 
w ith  earth  w et 14 days. T his com parison is especially significant 
since w etted  earth  curing  is un iversally  considered as sa tis­
factory.
As a second in te rp re ta tion  of the Series 1 tests , Fig. 2 show s 
a chart illu s tra tin g  the fact th a t g rea te r transv erse  s tren g th  is 
obtained by the use of calcium  chloride in 14 days th an  by the 
o ther m ethods in 28 days.
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R esu lts of experim ents confined to the com parison of the 
effects of surface application of dry calcium  chloride as com ­
pared w ith  the external use of solutions of the chem ical show  the 
dry chem ical to be far superior. Specim ens cured w ith  dry chem ­
ical applied externally  had m oduli of ru p tu re  averag ing  approxi­
m ately 760 w hile those trea ted  ex ternally  w ith  60 per cent so lu­
tions averaged approxim ately  590, and 30 per cent solutions
Modulus of Rupture, Percent __
F ig . 1. Transverse strength  of specim ens at 28 days.
F ig . 2. Transverse strength  at 14 and 28 days.
averaged approxim ately  545. I t  w as th o u g h t a t the tim e th a t 
if the m ethod w as found satisfacto ry  the application of a con­
cen tra ted  solution of calcium  chloride w ould be som ew hat m ore 
convenien t and uniform  than  trea tm en t w ith  the dry m aterial. 
P roperties of Calcium  Chloride A pplied E x te rn a lly :
In  order to stu dy  the hygroscopic properties of calcium  
chloride and the ex ten t of m oisture a ttrac tion , m o rta r specim ens 
of uniform  w eigh t w ere m ade and trea ted  w ith  vary ing  quan­
tities of calcium  chloride, including a series of specim ens hav ing
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no trea tm en t. A fter being treated , these sam ples w ere w eighed 
a t in terva ls of one hour and the loss or gain in w eigh t calculated.
A w eigh t g rea te r than  the orig inal w as observed on all 
trea ted  specim ens for a period of as high as 45 hours, the  u n ­
trea ted  specim ens, how ever, exh ib iting  an im m ediate loss. T he 
fact th a t th is action is proportional to the s tren g th  of the tr e a t­
m ent is also app aren t and leads to the theory  th a t the hy g ro ­
scopic chem ical freshly applied a ttra c ts  m oisture from  the air in 
proportion  to the am ount used un til the absorbed m oisture is in 
equilibrium  w ith  th a t of the air, afte r w hich by absorp tion  into 
the concrete and loss by m echanical m eans, the am ount of chem ­
ical, and necessarily  w ater, g radually  decrease. T he property  
of calcium  chloride of m ain ta in ing  the m oisture con ten t of the 
concrete a t a h igher percentage du ring  the first 48 hours, leads 
to the belief th a t the chem ical serves to p reven t the form ation of 
transv erse  cracks caused by shrinkage. General observation  
indicates th a t few er transv erse  cracks occur in concrete pave­
m ents cured w ith  calcium  chloride than  in those cured by pond­
ing or w etted  earth . T his is being definitely investigated  in 
Illinois a t the presen t tim e.
Calcium Chloride on Concrete Surfaces:
L abo ra to ry  investigation  w as m ade to determ ine the effect 
of excessive am ounts of calcium  chloride on concrete surfaces. 
T o illustra te  the various effects, tensile b riq uettes  of 1 :3 m ortar 
w ere m ade and treated . Specim ens trea ted  w ith  a surface ap ­
plication of dry calcium  chloride such as w ould be equ ivalent to 
10 pounds per square yard  of surface indicated sligh t puffing 
due to th is excessive use of the chem ical. I t  was noted th a t the 
tensile s tren g th  of these b riq uettes  a t the age of 28 days was no t 
affected by the excessive am ount of calcium  chloride. In  prac­
tice, how ever, con tracto rs are cautioned against the use of ex­
cessive quantities and are in struc ted  to break all lum ps and 
spread the m aterial evenly on the surface.
W ear of Surface:
T o gain an insigh t into the w earing  value of the trea ted  
surface of concrete pavem ents, several slabs have been cast and 
tested  a t various ages in a m achine designed especially to ap ­
proxim ate the w ear of a concrete pavem ent. A w ear m achine is 
used in w hich the specim en is clam ped horizon tally  to the fram e 
of the app ara tu s and w ear effected by the abrasion of tw o m etal 
vveights w ith  the aid of a constan t flow of stan dard  abrasive 
m aterial. T he  depth of w ear is determ ined by A m es dials, using 
reference points on the specimen.
T he trea ted  surface using 2  1/2 pounds per square  yard  of 
calcium  chloride, shows an alm ost im perceptib le w ear of 0.024
E L E V E N T H  A N N U A L  ROAD  SCHOOL 31
inch, while the un trea ted  surface show s a d istinct dep th  of 
abrasion of 0.20 inch under the sam e num ber of revolutions of 
the appara tus.
T he ease w ith  w hich calcium  chloride in proper condition 
m ay be spread is apparen t, very little  labor being required for 
the operation. T he m ethod of app lication has been left to the 
con trac to r or residen t engineer and there have been developed 
as a resu lt several im plem ents and m ethods by w hich the m ate­
rial m ay be applied. One requirem ent of the departm ent, how ­
ever, is th a t a uniform  application be made.
T he resu lts obtained so far by no m eans lim it the ex ten t to 
w hich fu rth er investigation  m ay be continued or the problem s 
to  w hich chem ical curing  m ay be applied. Several laboratories, 
as well as the Illinois H ighw ay L aborato ry , are conducting  w ork 
on the curing  of concrete w hich will no doub t prove of g rea t 
value in the fu ture. E xperim en ts have progressed to  a point, 
how ever, w here the question of cu ttin g  dow n the curing  period 
for concrete pavem ent can be definitely answ ered.
